Background: Unwanted pregnancy not intended by at least one of the parents has undesirable consequences for the family and the society. In the present study, three classification models were used and compared to predict unwanted pregnancies in an urban population.
Introduction
Unplanned or unwanted pregnancy is a type of pregnancy which is unintended by at least one of the parents (1, 2) . Every year, 75 million cases of unwanted pregnancies occur in the world and 50 million cases of unwanted pregnancies lead to abortion, of which 20 million take place under unsafe conditions (3) (4) (5) . The prevalence of unwanted pregnancies in the USA, Japan, and Tanzania, has been reported as 48%, 46.2%, and 23.7%, respectively (6) (7) (8) . Studies in Iran indicate that despite the easy availability of contraception, 400 to 500 thousand cases of unwanted pregnancies occur each year, 19% of which end in abor-tion (9) (10) (11) . Based on reports published by the Iran Ministry of Health, 1 in every 4 pregnancies has been unwanted according to the parents (5, 12) . Based on two systematic reviews conducted in Iran, the prevalence of unwanted pregnancies has been estimated as 29.7% and 30.6% (1, 2) .
Unwanted pregnancies has possibly undesirable consequences for the child, the parents, and the society, the most common of which is attempting illegal and unsafe abortions which is one of the main causes of mortality and disability among mothers. Additionally, due to unpleasant feelings and emotions of the mother during pregnancy, the mother experiences more stress and nervous strain, and it may even have effects such as depression, suicide, and a reduction in the quality of life of the mother (3, 10, 13) . The most important effects of unwanted pregnancies on the child can be pre-term birth and underweight babies, anorexia, hyperactivity, abuse and negligence by the parents, and finally infant mortality (5, 12, (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
Social sanctions, sex-based social inequalities, opposition of spouses, unavailability of modern contraceptive methods, inadequate planning, lack of awareness of the role of counseling, lack of adequate skills among healthcare employees are among factors that can lead to an incompatibility between the recommended contraceptive method and the conditions of the individual and can lead to the disuse or failure of the contraceptive methods (4) .
Given the importance of the issue and given the fact that the occurrence of unwanted pregnancies is affected by various and unique individual and social factors in each society, it is necessary to investigate the determining factors in each society separately. Using methods known as classification models makes it possible to predict the risk of unwanted pregnancies in the individuals based on a set of characteristics and variables related to the parents. The most common classification methods that can be used for this purpose include logistic regression, discriminant analysis, and probit regression. Regardless of their differences in terms of estimation methods and calculation algorithms, these methods and models are different from each other in terms of accuracy of classification, interpretability of the result, and the availability of statistical applications (17) (18) (19) . A review on unwanted pregnancies indicates that, in the majority of the cases, only the prevalence of the issue has been reported and most studies applied the independent t-test and chi square test to determine the relationship of each independent variables with the occurrence of unwanted pregnancy (3, 5, 10, 12, 13, (20) (21) (22) (23) (24) (25) (26) . In a few studies, it has been attempted to investigate the simultaneous effect of a set of variables on unwanted pregnancies using classification models, but due to the limitations in the selection of the statistical population, the results of these studies are mostly not generalizable (3, 4, 9, 11, 27) . The statistical models used in previous studies include simple logistic regression (3, 4, 6, 8, 11, (27) (28) (29) , multinomial logistic regression (9,30), probit regression (27), and log-linear models (31), the last of which is not of course among the classification models.
Given the importance of the issue of unwanted pregnancies and the fact that, up to now, no comprehensive comparative study has been conducted in Western Iran to predict unwanted pregnancies, this study tried to determine the best classification model for the prediction of unwanted pregnancies to detect the most important determinants of unwanted pregnancy in the urban population of Khorramabad, using logistic regression, discriminant analysis, and probit regression.
Methods

Data
The study population in this crosssectional research included all pregnant mothers referred to health centers in Khorramabad, Iran in 2012 to receive medical care during pregnancy. A sample consisting of 887 pregnant women were selected using stratified and cluster sampling methods. First, the urban health centers in Khorramabad were divided into three strata of the north, center, and south, and two health centers (cluster heads) were randomly selected from the north, two from the south and three from the central area of the city. Next, mothers who referred to these health centers to receive medical care were entered into the sample in the order of referral.
The instrument was a researcher-designed data gathering form which was completed by the pregnant mothers; for illiterate or low literate mothers it was completed through an interview. The form included the name of the health center, the age of the couple, parity, the time interval between the present pregnancy and the previous one (pregnancy spacing), the number of living male and female children, the contraceptive method(s) used, educational attainment of the couple, income level of the household, the occupation of the couple, the residential substructure area, and the ownership of a personal vehicle, and some questions about whether the present pregnancy is wanted or unwanted from the viewpoint of at least one of the parents.
It is necessary to mention that all stages of recording and analyzing the data were conducted anonymously to preserve the confidentiality of the data, and in cases where it was necessary to interview mothers, female interviewers were employed.
Statistical Analysis Logistic Regression:
It is a regression model used to analyze binary response (success and failure) variables which is a member of the family of linear generalized models and uses the logit function as the link function. Logistic regression is capable of making predictions, estimating the coefficients, and the effect of each independent variable, and is also used for classification and recognition purposes (32) .
Probit Regression: It is another regression model used to analyze two-state response variables. This model belongs to the family of generalized linear models and uses the probit function as the link function.
Discriminant Analysis: It is a method of classification and attribution of new observations into pre-defined groups. The attribution of observations to groups is done using the discriminant function. Fischer's discriminant function is one of the most widely used functions is discriminant analysis (33).
To predict unwanted pregnancy, and to compare the logistic regression, discriminant analysis, and probit regression models, SPSS version 21 was used. To select the main independent variables among various variables, the results of univariate analysis (chi-square test) were used and finally such variables as the mothers' age, the mother's educational attainment, the number of living male children, parity, pregnancy spacing, the contraceptive method used and the household income were selected. It is necessary to mention that, to avoid multicollinearity between the independent variables, the variables of the number of living female children, the age of the husband, and the educational attainment of the husband were excluded. Additionally, to avoid multicollinearity, the variables parity and pregnancy spacing were merged together into a new variable called "parity and pregnancy spacing".
In logistic regression, to select the studied variables for inclusion in the final model, the forward selection method was used. The significance level for including a variable in the model was set at 0.15 and the significance level for excluding a variable was set at 0.1. In discriminant analysis, Fischer's discriminant function was used to allocate new observations to pre-defined groups. To do the probit regression model, a generalized linear model with a binary probit link function was used. It is necessary to mention that in all three models, probability values less than 0.05 were considered as statistically significant. To compare the aforementioned models indicators such as sensitivity, specificity, the area under the ROC curve, and the percentage of correct predictions were used.
Results
In this study, the average mothers' age (±standard deviation) was 30.1 (±4.21) with an age range of 16 to 52. About 89.5% (793 individuals) of the mothers were younger than 35 years old and 88.1% (777 individuals) of their husbands were younger than 40 years old. The average age difference (±SD) between the husband and wife was 5.1 (±3.4) with a range of -8 to 15 years. Almost 31.1% (267 individuals) had a living male child, and 29.7% (255 individuals) a living female child. From among pregnant mothers, 47.1% (417) were pregnant for the first time, 35 .7% (317 individuals) had been pregnant twice, and 17.2% (153 individuals) three times or more. Pregnancy spacing was more than four years in 34.8% (301 individuals) of the mothers. Almost 37.4% (332 individuals) used the natural traditional contraceptive methods and 15.3% (136 individuals) used no contraception. About 19.8% (176 individuals) of the pregnant mothers had a university degree and 23.7% (210 individuals) of their husbands also had a university degree. About 91% (807 individuals) were housewives and 51.3% (454 individuals) of their husbands were self-employed. About 23% (206 cases) of the families had a monthly income of less than 7.5 million Rials (about 214 US dollars). Almost 48% (418 cases) of the families lived in rented houses and 34% (302 cases) lived in houses with substructures less than 100 square meters. And finally 42.2% (373 cases) of the studied population had a personal vehicle. From among all of the pregnancies, 25.3% (224 cases) were unwanted. To investigate the relationship between the variables and the occurrence of unwanted pregnancies, the results of the univariate analysis is presented in Table 1 .
Given the results of the univariate analysis, the occupation of the mother (p=0.664), the occupation of the husband (p=0.264), the age difference between the husband and wife (p=0.439), the substructure of the residence (p=0.338), and ownership of a personal vehicle (p=0.149) had no significant relationships with the occurrence of unwanted pregnancies. Variables such as the mothers and fathers' age, the educational attainment of the mother and her husband, the number of living male or female children, parity, pregnancy spacing, the contraception used before pregnancy, and the monthly household income had significant relationships.
The Findings of Logistic Regression: The results of the logistic regression model are presented in Table 2 . The variables of parity and pregnancy spacing, the type of contraceptive used before pregnancy, the household income, and the number of living male children had a significant relationship with the occurrence of unwanted pregnancies. In addition, given the values of the odds ratios, the variable parity and pregnancy spacing had the highest impact on the occurrence of unwanted pregnancies, such that the odds ratio of unwanted pregnancy among mothers with a parity of three or more and a pregnancy spacing of less than 4 years was 6.88 times greater than among mothers who were pregnant for the first time (p<0.001). This model showed that the odds ratio of unwanted pregnancy among mothers with two or more than two living male children was 2.68 times greater than among mothers who had not any living male children (p=0.010). Also, among mothers who had used oral contraceptives, the odds ratio of unwanted pregnancy was about 2.37 times greater than the mothers who had not used any contraception (p=0.005) and also, among the couples who had used the condom, the odds ratio of unwanted pregnancy was almost 2.1 times more than the couples who had not used any contraceptive methods (p=0.035). Finally, the odds ratio of unwanted pregnancy among couples who had a monthly income of about 7.50 to 9.99 million Rials (about 214-285 USD) was 41% less than the couples with monthly income of less than 7.50 million Rials (less than about 214 USD) (p=0.013). It is necessary to mention that, the effect of such variables as the mother's age and educational attainment were not statistically related to the occurrence of unwanted pregnancy.
The Findin gs of Probit Regression: The results of fitting the probit regression model are presented in Table 3 . Similar to the logistic regression model, the variables of parity and pregnancy spacing, the type of contraception used before pregnancy, the income level of the household, the number of living male children were found to have http://mjiri.iums.ac.ir a significant relationship with the occurrence of unwanted pregnancies. The Findings of Discriminant Analysis: Given the estimation of the standardized coefficients of the discriminant function, the general form of the model was obtained as is presented below, in which x 1 is the age of the mother, x 2 is the gravidity and pregnancy spacing, x 3 is the number of living male children, x 4 is the contraception used, x 5 is the educational attainment of the mother, and x 6 is the income level. F= 0.068 X1 + 0.453 X2 + 0.559 X3 + 0.128 X4 -0.052 X5 -0.138 X6 To compare the three aforementioned methods, the values of indices of sensitivity, specificity, the area under the ROC curve, and the percentage of correct predictions of each model are presented in Table  4 . The area under the ROC curve was 0.735 for the logistic regression model and the percentage of correct predictions of this model was 70.7%. Given the reported values, the logistic regression model in general was more capable to predict and classify wanted and unwanted pregnancies.
Discussion
In the present study, it was attempted to predict the occurrence of unwanted pregnancies in Khorramabad, Iran based on variables such as the mothers' age and educational attainment, number of living male children, parity and pregnancy spacing, the type of contraceptive used before pregnancy, and the income level of the household, using logistic regression, probit regression, and linear discriminant analysis models. Based on results of the logistic and probit regression models, variables such as parity and pregnancy spacing, contraceptive methods, household income and number of living male children were related to unwanted pregnancy and the mother's age was not related to this main outcome. And finally, based on the indicator of the area under the ROC curve, the best methods were logistic regression and probit regression and finally linear discriminant analysis in order, and of course the results of logistic regression and probit regression were very similar.
The most important advantage of the logistic regression method, as a model-based method, is that it is capable to test and compare the impact of each independent variable on the occurrence of unwanted pregnancies. As a result, it offers desirable interpretability via a model which is presented in the format of a closed form (17) (18) (19) 34, 35) . As an example, based on this study, it can be stated that low income level of the household can increase the odds ratio of occurrence of unwanted pregnancies. Despite the mentioned advantages, the logistic regression model is highly affected by high correlations between independent variables and the presence of nonlinear relationships (19).
In practice, the logistic regression model is more commonly used in observational studies, while the probit model is more frequently used in experimental studies. However, these two models present very similar results and the most important difference between them occurs when the relationship between an independent variable and a dependent variable is examined at the extreme points of the independent variable, in which case the logistic regression model offers better predictions (36, 37) . In a simulation study by Cakmakyapan et al (2013), the highest distinction between logistic regression and the probit model was observed when the relationship between the dependent variable and the other independent variables is strong, which in this case, for sample sizes greater than 500, the Pearson residuals of the logistic regression model is less than the probit model and as a result better fitting occurs, while in cases where the sample size is less than 100, better fitting has been observed with the probit model. It is necessary to mention that not much difference has been observed between the two models in other sample sizes (38).
In this study, the weakest predictions were made by discriminant analysis, because it is a parametric method and is dependent on the assumption of normality of several variables, and as a result while this assumption is not true, it cannot be considered a suitable method for classification purposes. The results of simulation studies indicate that when most of the variables are qualitative and have a small number of levels, discriminant analysis performs more poorly than logistic regression (35) . Another problem of discriminant analysis is the uninterpretability of the coefficients of the discriminant function (17) (18) (19) 35) . In a study by Mohammadpour Asl et al which was conducted on 1576 women living in Tabriz, Iran in 2004, the prevalence of unwanted pregnancies was 26.7%. The logistic regression method showed that factors affecting unwanted pregnancies included higher maternal age and higher numbers of living children. Moreover, the mother's educational attainment, and the economic status of the household were determined as not significant (3) . But the results of the logistic and probit regression models in the present study showed that the income level was significant, while the mothers' age was not significant. This difference could be due to the different age and income composition of the mothers in the two studies.
In a study by Pourheidari et al conducted on women living in Shahrood, Iran in 2004-2005, the prevalence of unwanted pregnancies was 31%. Using logistic regression, they found out that the higher number of living children and higher maternal age were risk factors in unwanted pregnancies. In the present study, logistic and probit regression models showed that the number of living male children (as an optional independent variable) was associated with the occurrence of unwanted pregnancies, while maternal age had no significant relationship. The reason for this difference could be due to the relatively different age composition of mothers studied in the aforementioned study and the present one (4) .
In a study by Amani et al conducted on 328 women living in Ardabil, Iran, the prevalence of unwanted pregnancies was 60.7%, and using logistic regression, unwanted pregnancy had a significant relationship with parity and the contraceptive method, but no significant relationship was reported with the maternal age (11), and this is in line with the results obtained from logistic and probit regression models in the present study. In a study by Vakili et al conducted in 2010 on women residing in Yazd, Iran, the prevalence of unwanted pregnancies was about 24.5%, and based on logistic regression, the higher number of living male children affected the occurrence of unwanted pregnancies, but the variables of maternal age and mother's educational level were not found to be significant (28) . Of course, based on the results of logistic and probit regression models, similar results were obtained in the present study.
In a study by Goto et al conducted on Japanese women in 2002, 46.2% of women had previously experienced unwanted pregnancies, and logistic regression showed that higher parity and the higher number of living children had significant relationships with the occurrence of unwanted pregnancies (6) . This result is in line with the findings of logistic and probit regression models in the present study. However, the prevalence of unwanted pregnancies was obviously higher among Japanese women.
In a study by Calvert et al conducted on Tanzanian mothers in 2013 using logistic regression, the relationship between advanced maternal age and mother's low educational attainment with the occurrence of unwanted pregnancies was found to be significant, which of course does not correspond with the results obtained from logistic and probit regression models in the present study (8) . The reason for this issue can be attributed to the completely different composition of independent variables present in the two studies.
In a study by Sadat Hashemi et al conducted on women living in Tehran, Iran in 2003, using statistical methods such as lo-gistic regression, probit, linear discriminant analysis, and artificial neural networks, the effect of factors such as maternal age and the number of living male children on the occurrence of unwanted pregnancies were determined. In the end, artificial neural networks, logistic regression, and probit were presented as the best methods in order and discriminant analysis was reported as the worst method (27). In the present study, despite the absence of artificial neural networks as a data mining technique, a completely similar order was obtained.
In another study by Sadat Hashemi et al conducted on women residing in Tehran, Iran in 2005, the prevalence of unwanted pregnancies was determined as 31.1%, and using artificial neural networks and multinomial logistic regression and taking into account such variables as the age of the women, the number of living children, educational attainment of the woman, and the type of contraception used before pregnancy, the predictive power of the two methods were compared and the artificial neural network was recommended as the better method. The four-level nature of the dependent variable and the relatively different composition of independent variables in this study can be a probable reason for the different results (30).
In a study by Khalajabadi Farahani et al on 4141 women living in Tehran in 1996, the prevalence of unwanted pregnancies was mentioned as 31.1%, and using multinomial logistic regression method, the factors of advanced maternal age and the number of living male children were determined as effective on the occurrence of unwanted pregnancies (9) . The results of the aforementioned study are in line with the results of the logistic and probit regression models in the present study about the effect of the number of living male children, but disagree with the present study in terms of the significance of maternal age. This contradiction can be due to the different four-level classification of the variable of unwanted pregnancies in that study.
In a research by Faghihzadeh et al conducted in 2003 on women living in Tehran, the prevalence of unwanted pregnancies was 38.2%, and using log-linear models, statistically significant relationships were reported between higher maternal age and pregnancy spacing and unwanted pregnancies (31) . This finding nearly corresponds to the results of logistic and probit regression models in the present study about the effect of low pregnancy spacing, but it does not correspond to the results of the present study about maternal age. This lack of correspondence could be attributed to the difference in selected samples in the two studies in terms of underlying and demographic factors and also the different composition of independent variables used in modeling.
In a study by Finer and Zolna conducted in 2011 on women residing in the USA, the prevalence of unwanted pregnancies was reported as 48%, in which no statistical tests or models were applied to the data, due to the very large sample size. In this study, the prevalence of unwanted pregnancies was obviously higher among women younger than 25 years old and those with higher parities (7). The relationship between low age and the increase in the occurrence of unwanted pregnancies contradicts the results of the present study. The reason for this issue could be attributed to the cultural difference between the American mothers and the mothers studied in the present study.
Some of advantages in this study includes: using a large sample size (i.e. 887 persons) in the study and a highly-accurate prediction approach in order to model the unwanted pregnancy data. On the other hand, one of the main limitations of the present study is paying exclusive attention to the population of women residing in urban areas. Thus, it is recommended that the population of women living in rural areas be also included. Also, given the importance of statistical modeling in identification of the most important determining factors in unwanted pregnancies and given the fact that the determinants of unwanted pregnancies are different among multipa-http://mjiri.iums.ac.ir rous and nulliparous mothers, it is recommended that a comparative investigation of the different risk factors be conducted among the two aforementioned groups of women in a separate study.
Conclusion
Given the relatively high prevalence of unwanted pregnancies among women in Khorramabad, Iran, it is inevitable that further studies should be conducted in this field and also, the revision of the family planning programs and preconception training programs women will be necessary. The main training content may be focused on the selection of the ideal number of children and their gender based on the viewpoints of the parents, adequate and appropriate spacing between births, and the selection of appropriate contraceptive methods for all mothers (including lowincome mothers). From the statistical viewpoint, it is recommended that, in a simulation study, different techniques of classification be compared based on criteria such as the type and number of independent variables, their distribution, and the sample size.
